Importance: Adolescence is a life stage with rapid and major developmental changes, yet little is known about how these changes influence the quality of life of young people who are deaf or hard of hearing (DHH).
Conclusions:
These data suggest that the domains of quality of life as measured by our instrument differ significantly among youth based on technology used and school setting. Youth using no technology or cochlear implants tended to score higher than those using hearing aids in mainstream schools with or without DHH programs and in schools for the deaf. The YQoL-DHH instrument is able to detect differences in quality of life within a group of youth with severe to profound hearing loss.
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A DOLESCENCE IS A LIFE STAGE with rapid and major developmental changes, yet little is known about how these changes influence the quality of life (QoL) of young people who are deaf or hard of hearing (DHH). The QoL concept is important to understanding children and youth with hearing loss because of the importance of communication and social participation in everyday life. The World Health Organization has defined QoL as individuals' perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards, and concerns. 1 Health-related quality-of-life (HRQoL) instruments are designed to measure these perceptions in a reproducible and valid way. A patient's perceived QoL may be independent of his or her functional status or medical outcome. Assessment of QoL in children and adolescents who are DHH is particularly challenging because many instruments are developed for adults or as surrogate measures in which a parent or caretaker is asked to assess the child's status. Yet parent report frequently differs from youth's selfreported QoL. 2, 3 This discrepancy may be particularly relevant among youth who are DHH because most are born to parents who hear.
Several studies have examined QoL comparing DHH and non-DHH youth using HRQoL measures. Huber 2 studied HRQoL in 29 children ages 8 to 16 years who had been cochlear implant users for at least 3 years using the KINDL R , a generic HRQoL instrument used for children and adolescents. She found the HRQoL of children ages 8 to 12 years was below the norm for hearing children, but the HRQoL was within the standard range for children ages 13 to 16 years. Wake et al 4 looked at HRQoL in 83 children with varying degrees of hearing loss using the Child Health Questionnaire, a generic measure of HRQoL. These children were compared with a control cohort and were found to have significantly poorer scores on 6 of the 12 scales and on the psychosocial summary score. Although HRQoL has been included in these studies, few studies have examined the correlates of QoL in children and youth with severe hearing loss.
Recently, our group developed, validated crosssectionally, and published the Youth Quality of Life Instrument-Deaf and Hard of Hearing (YQoL-DHH) module 5 in which DHH youth defined the important concepts in relation to how being DHH affected their fundamental social and emotional needs. Their perceptions were then used to develop the YQoL-DHH module. This tool consists of 3 factors or domain scores that reflect important aspects of life for youth who are DHH: self-acceptance/ advocacy, participation, and perceived stigma. One unique advantage of the YQoL-DHH is that it was developed on the basis of survey data provided by adolescents, parents, and adults who were DHH or had expertise in DHH and health care professionals who work with DHH youth. This group of individuals included those who use speech and those who use sign as their primary mode of communication (either American Sign Language [ASL] or Englishlike signing); thus, the YQoL-DHH is relevant and applicable to youth who communicate with spoken or signed language.
The YQoL-DHH was developed to measure youthreported QoL regardless of degree of hearing loss. 5 We were interested in using the instrument to understand how use of technology affects perceptions of QoL in youth with severe to profound sensorineural hearing loss (SNHL). We analyzed the YQoL-DHH domain scores of a cohort of youth aged 11 to 18 years with severe to profound SNHL who were not using any technology, using at least one hearing aid, or using at least one cochlear implant at the time of participation. On the basis of the possible relationship of preferred mode of communication, classroom setting, and the use of assistive listening technology in children with hearing loss, [6] [7] [8] these data were analyzed as a function of these variables as well.
METHODS

RECRUITMENT AND PARTICIPANTS
Institutional review board approval was granted through Seattle Children's Hospital and the University of Colorado, Boulder. A convenience sample of youth ages 11 to 18 years with severe to profound SNHL was recruited by distributing study flyers to schools, clinics, advocacy groups, and professional associations at multiple sites around the United States. Participants were recruited between January 1 and December 31, 2008. Potential participants were screened for the following exclusion criteria: medical or mental health conditions affecting either the youth's QoL to the same or greater degree than hearing loss or ability to complete the survey, refusal of the youth to complete the questionnaire, or age younger than 11 years or older than 18 years. Demographic data, technology used (none, hearing aid, or cochlear implant), and school setting (school for the deaf, mainstream without DHH program, or mainstream with DHH program) were recorded. In addition, participants were asked to specify their communication preferences (sign, speech and sign, or speech). To verify hearing loss, parents signed a medical release of information, allowing a copy of an audiogram completed within the prior year to be obtained from the youth's audiologist. Audiograms were reviewed by a certified audiologist.
SURVEY ADMINISTRATION
Consent and assent were obtained by site staff who had completed human subjects training and had been trained in obtaining informed consent. Eligible participants underwent a reading screen to assess reading level. Those who passed the reading screener were given the Children's Depression Inventory 10-Item Short Form, the Youth Quality of Life-Research Instrument (YQoL-R), a 41-item generic QoL instrument, and the newly developed YQoL-DHH. Each instrument was administered in the youth's preferred mode of communication: written English, web-based English, ASL or Pidgin Signed English DVD, or interviewer supervised ASL or Pidgin Signed English DVD (produced using youth signers who were deaf and fluent in sign language). Youth who did not pass the reading screener but lived within driving proximity to the Texas research site were given the option of an interviewer-administered ASL DVD. Participants were given a $25 gratuity for completing the survey and returning all study materials.
STATISTICAL ANALYSIS
Before analyzing the data, out-of-range and missing values were checked for accuracy against hard copy forms (eg, survey booklets, medical verification forms, and audiograms), and inconsistencies were corrected. No data check was available for data entered onto the web survey platform. After data cleaning, YQoL-R and YQoL-DHH responses were scored such that 10 indicated the highest possible QoL score for self-acceptance/ advocacy, participation, and stigma-related QoL. For the perceived stigma domain, a higher score signified lower stigma and higher QoL. Scores were the average of the items when more than 80% of the items within the domain were completed. The distributions (normality) of the scores were checked. Stigma scores had a high-ceiling effect (skewed distribution toward higher QoL ratings). These demographic data were summarized using descriptive statistics.
We tested a null hypothesis that there would be no significant association between YQoL-DHH domain scores of participants who were grouped according to the assistive listening technology they used. That is, we presumed that a youth's adopted communication approach would be accompanied by adaptations, yielding similar distributions and means of measures of QoL across grouping by technology. The groups were compared using 2 test for the percentages across technology used. The participants were stratified by school setting. The YQoL-DHH participation domain score was used as the primary outcome. The YQoL-DHH self-acceptance/advocacy and perceived stigma domain scores were considered secondary outcomes. The scores were compared among the type of technology using analysis of variance (ANOVA) models that controlled for age and mother's educational level. Analyses were conducted with SAS statistical software, version 9. 
RESULTS
A total of 157 individuals with verified severe to profound SNHL met inclusion criteria. Demographic data are listed in Table 1 and Table 2 . The age distributions were different across the technology groups, with equal distribution among individuals not using any technology, older individuals using hearing aids, and younger individuals using cochlear implants. Although not statistically significant, the Northeast region was underrepresented because of the recruitment sites. Mode of communication was significantly different among the groups; 78.7%, 12.8%, and 8.5% used sign language to communicate at home in the groups using no technology, hearing aids, and cochlear implants, respectively. The distribution was similar for the youth's preferred communication mode.
Forty-nine participants who did not use hearing aids or cochlear implants were more likely to report using sign language to communicate, using ASL at home, attending a school for the deaf, and using sign language to communicate with a parent. Forty-five participants using hearing aids were equally likely to report being in a mainstream school setting, DHH program in a mainstream school, or a school for the deaf. Participants with hearing loss were also equally likely to report using sign, sign and speech, or speech as their preferred mode of communication (Table 2) .
Sixty-three participants used cochlear implants, 35 used unilateral cochlear implants, and 17 used bilateral cochlear implants. Age at implant data were unavailable for 11 participants. The mean/median (range) of age for the other participants was as 70.7/54 (10-180) months for participants with unilateral cochlear implants (n = 35) and 47.2/36 (12-162) months at first implant and 132.2/ 143 (29-180) months at second implant for participants with bilateral cochlear implants (n = 17). Youth and adolescents using cochlear implants were more likely to use speech to communicate at home, use English, and attend a mainstream school.
ANOVA models that controlled for participant age and mother's educational level were used. No significant differences were found comparing overall generic QoL for youth with or without assistive listening devices or for youth in mainstream schools or schools for the deaf. Differences were found, however, in communicationspecific QoL for youth with assistive listening technology in the overall sample and stratified by school type. Youth using no technology had higher scores in the participation QoL domain. In addition, the same group had higher scores in the perceived stigma QoL domain, indicating lower stigma and higher QoL. The youth using no technology or cochlear implants had higher stigmarelated QoL domain scores compared with the group using hearing aids. The group using cochlear implants had higher self-acceptance/advocacy scores than those who were using hearing aids. When stratified by school setting, the youth in mainstream schools with or without DHH programs using cochlear implants had higher participation, self-acceptance/ advocacy, and stigma-related QoL scores compared with those using hearing aids. Participation-related QoL scores were highest among youth not using any technology. In the group attending schools for the deaf, the youth using no technology had higher participation and stigmarelated QoL domain scores ( Table 3) . When the data were stratified by technology used and preferred mode of communication, there were no differences in any of the YQoL-R measures ( Table 4) . There was only one participant who did not use technology and communicated with speech only. However, in comparing those who used hearing aids or cochlear implants and communicated with speech, those using cochlear implants had higher scores in the participation domain. For those who communicated with speech and sign, there were no differences in domain scores between those who used no technology and those who used hearing aids or cochlear implants. Finally, for those using sign, those who used no technology had higher scores in the participation and stigma-related QoL domains in 2-way comparisons.
COMMENT
The assessment of QoL in adolescents with deafness is relevant to the cultural considerations of medical interventions. Early objections to cochlear implantation of young children with severe to profound hearing loss were based on variable speech and language outcomes and uncertain effect on the children's QoL. It is understood that typically developing infants who undergo cochlear implantation will likely have improved speech perception and production, 9 but few studies have looked at the effect of cochlear implantation on QoL in children with deafness. Lin and Niparko 10 reviewed studies evaluating HRQoL in pediatric cochlear implant recipients. Only 10 studies met the inclusion criteria of original peerreviewed research article; enrollment of participants younger than 18 years with cochlear implants; use of a HRQoL instrument that incorporated components of 
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. physical, mental, and social health; and publication in English. At the time of their review, no well-validated, deafness-specific HRQoL instruments were available. Since then, however, our group developed and validated the YQoL-DHH module. 5 This analysis was designed to explore whether there would be differences in the 3 domain scores of the YQoL-DHH among youth and adolescents with severe to profound hearing loss based on use of technology. Other studies have examined QoL in youth with hearing loss; however, many of these rely on parental report. Parent-child reporting agreement has been documented to be generally low, especially with regard to subjective perceptions, such as QoL and emotions. 2, 3 Most deaf children are born to parents with normal hearing, and because of differences between the life experiences of hearing parents and children with hearing loss, it is reasonable to suspect it may be difficult for the parents to fully understand what their child might define for him or herself as optimal QoL. 11, 12 More recently, investigators have used self-report instruments to show similar QoL between children with profound hearing loss who use cochlear implants and their fully hearing peers; however, this was done using an instrument that measures HRQoL, not hearing-specific QoL as measured by the YQoL-DHH. 13 Furthermore, the students in this study were older and better able to report on their own perceptions of their QoL.
Our results suggest that the YQoL-DHH instrument is sensitive in detecting differences in QoL within a subpopulation of youth with severe to profound hearing loss. The differences were primarily in participation and perceived stigma scores, with participants using hearing aids reporting the lowest participation scores and stigmarelated QoL scores. When comparing participants who attended mainstream schools with or without DHH programs, those using cochlear implants had higher scores in all 3 domains than those using hearing aids. The participants using no technology and attending mainstream schools had the highest participation scores. In the school for the deaf, participants who used no technology had higher participation and stigma-related QoL scores.
On the basis of this data set, the YQoL-DHH is able to detect differences between groups of youth with severe to profound SNHL. No differences were found in the generic YQoL-R scores for any of the comparisons, suggesting that the YQoL-DHH is a discriminative instrument for studying this population.
This study has several limitations. The study population was based on a convenience sample. The participants volunteered to participate in the study. Youth who were more comfortable with themselves and had higher QoL may have been more likely to participate. Furthermore, the demographic differences summarized in Tables 1 and 2 may have had an effect on the youth's QoL. Almost 60% of the participants not using any listening technology reported ASL as the language used most often in the home, and 25% of youth in this group had at least one parent who was deaf or hard of hearing. These statistics are not typical for adolescents who are DHH. Other limitations include information that was unavailable. Although the degree of hearing loss at the time of participation was similar among the study participants, the temporal course of progression of hearing loss was unavailable. Therefore, there was likely some heterogeneity in the duration of deafness among this cohort. Because the participants were 11 to 18 years at the time of enrollment, those who used cochlear implants received their implants at relatively older ages, with a median age at initial implantation of 3 years. Also, the participants were screened for reading ability (reading at or above a fourth-grade level), which may have preselected participants with reading skills that are average for DHH youth.
Future directions should include using the YQoL-DHH tool in an unselected population of youth with hearing loss to look for differences in any subpopulations, including groups based on degree of hearing loss. Also, using the instrument to perform preintervention and postintervention comparisons will be vital in optimizing the QoL of youth with hearing loss.
In conclusion, in a large sample of youth aged 11 to 18 years with severe to profound hearing loss, there were differences in QoL as detected by differences in YQoL-DHH subscores, suggesting that the YQoL-DHH instrument is able to discriminate differences in QoL among a subpopulation of youth with severe to profound hearing loss. Youth using no technology or cochlear implants tended to score higher than those using hearing aids in both mainstream schools with or without DHH programs and schools for the deaf. 
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